Abstract Sixteen tropinone derivatives were prepared, and their antitumor activities against five human cancer cells (HL-60, A-549, SMMC-7721, MCF-7 and SW480) were evaluated with MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy methoxyphenyl)-2-(4-sulfopheny)-2H-tetrazolium] assay. Most of the derivatives exhibited better activities compared with tropinone at the concentration of 40 lM. Particularly, derivative 6 showed significant activities with IC 50 values of 3.39, 13.59, 6.65, 13.09 and 12.38 lM respectively against HL-60, A-549, SMMC-7721, MCF-7 and SW480 cells, which suggested more potent activities than that of cis-dichlorodiamineplatinum (DDP). 
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Introduction
Cancer, a diverse group of diseases characterized by those uncontrolled growth of tumor cells, is a leading cause of morbidity and mortality globally, which brings heavy economic burden to society and individuals [1, 2] . The conquest of cancer continued to pose great challenges to medical science since the pathogenesis is complicated and yet not well clarified [3] [4] [5] . With the understanding of cancer pathophysiology, some breakthrough therapies for the treatment of cancer were developed [6] , but exploring novel types of antitumor drug is still needed. Among the natural products studied in the 19th and early 20th centuries, tropane alkaloids attracted particular interest due to their potent and extensive biological activities [7] , including regulating the secretion of monoamine neurotransmitter [8] [9] [10] [11] , glycine receptor [12] , and acetylcholine receptor [13] [14] [15] . The structural scaffold of tropane is a bicyclic amine with a pyrrolidine and piperidine ring sharing a nitrogen atom and two carbon atoms. Tropinone as a natural tropane alkaloid mainly distributed in Solanaceae plants (Cyphomandra betacea) [16] , and the total synthesis of tropinone in 1917 by Sir Robert Robinson represented a landmark achievement in organic synthesis [17] . a,b-Unsaturated ketone is a kind of important organic intermediate, which is widely used in the fields of medicine, chemistry, material science, biology and so on. Recent studies suggested that chalcones [18] [19] [20] and a,b unsaturated ketones (including coumarin [21] , pyrimidine [22] , thiosemicarbazide [23] , imidazole [24] , piperidine [25] analogues) had antitumor activities. Therefore, it is speculated that a,b unsaturated ketones with the structural scaffold of tropane may have antitumor activities. Thus we designed and synthesized a series of tropinone derivatives, and their preliminary biological evaluation was performed for their inhibitory activities in five human cancer cell lines (HL-60, A-549, SMMC-7721, MCF-7 and SW480) using MTS [3-(4, 5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfopheny)-2H-tetrazolium] method. The pattern of apoptosis in vitro against cancer depended upon cell line and dose of the compound [26, 27] and the dose was established according to the related literatures [28] [29] [30] .
Results and Discussion
Chemistry
With an objective to obtain target compounds which have activities against five human cancer cells in vitro, tropinone was reacted with corresponding benzaldehyde or other aromatic aldehydes by Claisen-Schmidt condensation in the mixed solution of a catalytic amount of NaOH, and ethanol to generate compounds 1-16. The results suggested that introduction of 2,4-bis(phenylmethylene) groups improved activities compared with that of tropinone (Fig. 1 ).
Biological Evaluation
Derivatives 2 and 8 were synthesized [31] [32] [33] [34] and evaluated against Molt 4/C8, CEM cells and L1210 cells in vitro, which were effective indicators of derivatives having potential clinical utility. Derivatives 1-16 were tested for antitumor activities against five human cancer cells (HL-60, A-549, SMMC-7721, MCF-7 and SW480) by MTS method (Tables 1, 2) .
Derivative 1 displayed potential inhibitory activity against HL-60 cell, which was very similar with that of derivative 9, and their inhibitory rates were up to 88.30 ± 3.33% and 81.56 ± 1.98% at the concentration of 40 lM, respectively. Derivatives 1 and 9 with unsubstituted and ortho-methoxyl substituted patterns at the phenyl ring, displayed inhibitory potency against HL-60 cell with the IC 50 values of 13.62 and 18.97 lM, respectively. Compared with the tropinone, the inhibitory activities of derivative 6 (IC 50 = 3.39 lM) showed a 3-9 fold enhancement and was better than that of the positive DDP. Derivatives 5, 10 and 14 possessed higher inhibitory activities than that of tropinone with the inhibitory rates of 55.69 ± 2.59, 59. CN) at the para-phenyl ring, showed similar activity against five human cancer cells compared with that of tropinone. From the above results, it is suggested that 2,4-bis-phenylmethylene groups were favorable for inhibitory activities. When the 2,4-bisphenylmethylene groups were changed to be 2,4-bis-4-heteroaryl-methylene groups, the inhibitory activities significantly decreased (derivatives 14-16 compared to 1-12), while 2,4-bis-naphthylmethylene groups (derivative 13) did not affect the inhibitory activities. Taxol was tested at the concentration of 5 lM and other derivatives were tested at the concentration of 40 lM a The inhibitory rates expressed as
The derivatives of the significance [bold] showed significant activities against HL-60, A-549, SMMC-7721, MCF-7 and SW480 cells .79 lL respectively. Structurally, the a, b-unsaturated ketone moiety was introduced into the tropinone scaffold, which should be responsible for enhanced activities. Among the optimized benzene ring derivatives, derivative 6 had higher cytotoxic activities than that of cis-DDP. The SARs of tropinone derivatives provided potential compounds for further investigation on antitumor regents screening.
Experimental Section
Materials and Instruments
The solvents were dried according to standard procedures. The organic solvents (analytical grade reagents) were purchased from Tianjin Chemical Reagent Co., Ltd (Tianjin, China). The tropinone and corresponding aldehydes were purchased from Alfa Aesar or J&K Scientific Ltd. 1 HNMR and 13 CNMR date were recorded in CDCl 3 on a 400 MHz spectrometer (Bruker, Bremerhaven, Germany) with the tetramethylsilane (TMS) as the internal standard. Low-resolution mass spectra (MS) and high-resolution mass spectra (HRMS) were measured on Shimadzu liquid chromatography-mass spectrometry (LCMS)-ion trap (IT)-time of flight (TOF) (Shimadzu, Kyoto, Japan). All reaction were carried out under an air atmosphere and monitored by using thinlayer chromatography (TLC, 200-300 mesh, Qingdao Makall Group Co., Ltd; Qingdao, China). Melting points which are uncorrected were determined using a SGW Ò X-4B microscopic melting instrument from Shanghai Precision and Scientific Instrument Co., Ltd (China). The purity of the target compounds was determined by three solvent systems and by HPLC methods.
General Procedure for the Synthesis of the Tropinone Derivatives
Tropinone (2 mmol, 1 equiv.) and 10% NaOH (5 mL) were dissolved in ethanol (15 mL). To a solution of corresponding aldehydes (4.4 mmol, 2.2 equiv.) in ethanol (5 mL), the mixture was slowly dropped into the above solution at 0°C for 20 min. The resulting solution was stirred at room temperature and monitored by TLC. Subsequently, the reaction mixture was neutralized with a solution of 5% HCl, extracted with EtOAc (3 9 30 mL) and washed with saturated Na 2 CO 3 and saturated NaCl. 02 (s, 2H, H-9,10), 7.35-6.90 (m, 8H, Ar-H), 4.27 (m,  2H, H-1, 5), 3.82 (s, 6H, OMe), 2.53-2.51 (m, 2H, H-6, 7),  2.30 (s, 3H, H-8), 2.02-1.99 (m, 2H, H-6, 7) . 13 
Biological Test Methods
The human tumor cell lines HL-60, SMMC-7721, A-549, MCF-7 and SW-480 were used, which were obtained from ATCC (Manassas, VA, USA). All cells were cultured in RPMI-1640 or DMEM medium (Hyclone, Logan, UT, USA), supplemented with 10% fetal bovine serum (Hyclone) and cultured with 95% O 2 /5% CO 2 at 37°C. Cell viability was assessed by conducting colorimetric measurements of the amount of insoluble formazan formed in living cells based on the reduction of 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfopheny)-2H-tetrazolium (MTS, Sigma, St. Louis, MO, USA) [35] . The cells were seeded in a Matrigel coated 96-well black plate with a plating volume of 100 lL/well at a density of 3000-15,000/well, and incubated in CO 2 incubator to adhere for 12 h before the tested drugs were added. Tested derivatives and positive drug were dissolved in dimethyl sulfoxide (DMSO) and extracted a plating volume of 20 lL/well in the Matrigel coated 96-well clear plate. With cisplatin and paclitaxel as positive controls, each tumor cell line was exposed to the test derivatives at 40 lM concentrations in triplicate for 48 h. After the incubation, MTS (20 lL) was added to each well, and the incubation continued for 2-4 h at 37°C. The optical density of lysate was measured at 492 nm in a 96-well by Multiskan FC (Thermo Scientific, US). The inhibition rates expressed as X ± SD (n = 3) were obtained. The IC 50 value of each derivative was calculated by Reed and Muench's method [36] .
